Biological studies of the properties of the chemical fractions of the tubercle bacillus have been reported over a number of years by Sabin and her co-workers.2 The reactions produced by the various fractions have been observed chiefly in rabbits and guinea-pigs, and have been compared with the lesions which develop in these animals after inoculation with living virulent tubercle bacilli.
The presentation which follows deals with the use of mice for similar studies. This species was chosen because it is relatively resistant to infection with tuberculosis as compared with rabbits and guinea-pigs, and the experiments were designed to determine whether this resistance was associated with a more effective reaction toward the cell-stimulating lipoids of the bacillus.
Among these lipoid fractions, three are of chief interest from the standpoint of the cellular reactions they elicit. The phosphatide induces the formation of tubercles, with a great multiplication and maturation of monocytes to form epithelioid cells.4 Analysis of the phosphatide has shown that it contains several fatty acids, including phthioic acid. This fraction is apparently specifically responsible for the maturation of monocytes toward the formation of epithelioid cells.' The wax-like materials, especially the unsaponifiable residues (mycolic acid), promote the multiplication of monocytes, which, however, tend to form multinucleated giant cells rather than tubercles or tuberculous granulation tissue.3 The time required for the breakdown of these materials within the cells of rabbits and guinea-pigs varies with the material, but in all cases it is a slow process, and the lesions produced by them are uniformly proliferative.
The physical and chemical properties of the fractions of the bacillus play a considerable part in determining the nature of the cellular responses to them. The phosphatide, for example, is * These investigations have been supported in part by funds provided by the Research Committee of the National Tuberculosis Association, and are a part of a plan of cooperative research sponsored by the Research Committee.
readily miscible with water and is taken up by phagocytic cells in relatively large amounts. It becomes finely dispersed within the cell cytoplasm, and influences to a marked degree the further activities of the cell by stimulating division and maturation. On the other hand, the mycolic acid (unsaponifiable wax) is not at all soluble in water and is very stable from the chemical standpoint. The cells which take up or phagocytise particles of the wax do not seem to be able to alter the wax in any effective way, and for considerable lengths of time the material may be demonstrated within such cells. A marked tendency toward the formation of giant cells is seen after an injection of wax, even though the wax be dispersed in a very fine colloid suspension. These cell responses to the fractions have been worked out for the most part in rabbits. The experiments presented here mark an attempt to compare the effects of the various fractions in animals of widely differing susceptibility to tuberculosis in an effort to demonstrate a chemical basis for such differences.
The material includes a study of the development of tuberculosis in mice, followed by observations on the effects of several of the chemical fractions.* The cellular responses elicited by the fractions are compared with those which follow the injection of living bacilli.
TUBERCULOUS INFECTION IN MICE
Materials and methods Six strains of acid-fast bacteria were employed. They included: the human strain H37; a human strain "A" freshly isolated from the sputum of a tuberculous patient in February, 1939 ; the bovine strain "Ravenel"; and a bovine strain No. 4717, obtained from the American Type Culture Collection at Georgetown University; an avian strain known as "N.T.A."; and the timothy grass bacillus, M. phlei. The organisms were grown on Corper's medium. Transplants were made at about monthly intervals. In preparing suspensions the organisms were first weighed and then triturated in M/1 5 Na2HPO4 solution.
Three strains of mice were used: Dilute Brown Albinos, A.B.C. Blacks, and A.B.C. Whites. The mice were raised in the laboratory and were free from evident intercurrent infections.
* The materials used in these experiments were obtained from Dr. R. J.
Anderson, Sterling Chemistry Laboratories, Yale University. Tke immediate cellular reaction to the intraperitoneal injection of H37 tubercle bacilli Six hours after the inoculation of 0.4 mg. of H37 tubercle bacilli, a number of the organisms were found in the peritoneal fluid; after 24 hours, many were seen within polynuclear leukocytes. In mice killed during the next 4 days, bacilli were found in mononuclear cells rather than in polynuclear cells, the ratio rising to eight and nine to one. This coincided with a marked increase in the number of stimulated monocytes and epithelioid cells in the fluid. After the 5th day there were fewer of these cells, and a return to the normal cell picture was accomplished by the 10th or 12th day after inoculation. At this time, acid-fast bacteria were seldom found in stained smears of the peritoneal fluid. Late reactions to the intraperitoneal injection of H3 7 tubercle bacilli Animals examined after 16 and up to 86 days following inoculation with H37 tubercle bacilli showed no extension of the disease process outside of the peritoneal cavity. Small yellow nodules about I mm. in diameter were found in the omentum, or attached to the capsule of the liver or spleen or to the body wall at the point of injection. Sections of these nodules revealed them to be composed of a granulation tissue containing many large vacuolated cells. The vacuoles were coarse and not uniform in size. No particulate matter was seen within them. The remaining cytoplasm stained very faintly with eosin. The central mass of cells was often necrotic, and many polynuclear cells were to be found in this area. The marginal cells, lying toward the periphery of the nodule, were smaller and somewhat less vacuolated, and probably represented cells less completely differentiated than the more central group. This may be seen in figures 5 and 6, which illustrate a section taken through such a nodule.
In some sections taken from the omentum, the tendency to form an encapsulated mass, as described above, was less noticeable, and tuberculous tissue resembling that seen in other animal species was found. In figures I and 2 a reaction of this type is illustrated; in figure 2 there is a definite suggestion of tubercle formation, which, in our experience, is not the outstanding feature of tuberculous tissue in the mouse, as it is in other species. Such masses are found, however, and are especially well demonstrated in the liver, as in figure 3.
Inoculation of mnice with avian tubercle bacilli In this series, 21 mice were inoculated with the N.T.A. strain of avian tubercle bacilli. Ten adult mice were inoculated intraperitoneally with 0.4 mg., four with 5 mg., four with 12.5 mg., and three newborn animals with 0.4 mg. The immediate cellular reactions were entirely similar to those noted after the injection of the H37 strain; there was a transient stimulation and multiplication of monocytes, with the ultimate formation of small nodules attached to the omentum or to the body wall. These nodules were found to be composed of tuberculous granulation tissue and were largely caseous. No extension of the process to other viscera took place.
Inoculation of mice uwth M. phlei M. phlei is a saprophytic acid-fast organism which has no ability to produce progressive lesions in experimental animals, although the tissue reactions to the injected organisms are quite similar to those found after inoculation with virulent tubercle bacilli. Six groups of mice, totalling 72 animals, were inoculated with suspensions of M. phlei. The course of events following inoculation resembled that seen after use of the H37 strain and the N.T.A. avian strain of tubercle bacilli. Tubercular tissue showing all of the characteristics of that seen after the injection of virulent bacilli was developed; the formation of caseous nodules containing acid-fast bacilli was common, although organisms were difficult to find after the third week. Injections of M. phlei into the skin were followed by the development of localized, encapsulated abscesses, in which: acid-fast organisms were found up to 35 days after inoculation. In no instance was there evidence of any spread to the viscera remote from the site of injection.
Infection of newborn mice with tuberculosis Newborn mice were inoculated with living virulent tubercle bacilli, including the two bovine strains, the H37, and the avian strain. There was a considerable mortality in the first 24 hours after inoculation, usually due to the fact that the mother would either neglect or destroy a number of the litter after they were placed in the nest.
Several of the survivors were examined at intervals of a few days after inoculation, and others were retained for longevity studies. The cellular reactions found in the first few days after inoculation with the H37 strain were entirely similar to those seen in adult mice and showed the same rapid regression. A group of 12 newborn mnice inoculated with 0.5 mg. of the bovine strain No. 4717, which produced progressive and fatal tuberculosis in adults, was examined after 153 days and no gross lesions were found. While no definite conclusions as to the relative resistance of newborn and adult mice may be drawn from these limited experiences, it seems certain that the newborn mouse is not less resistant than are mature mice. #4717 60, 60, 63, 63, 62, 65, 67, 70, 70, 94, 94, 0.5 mg. 95, 97, 104, 104, 104, 106, 108, 109. All of these mice were cachectic at the time of death. At autopsy caseous nodules were found attached to the omentum or to the spleen. The lungs contained many small yellow nodules, which were confluent in some instances, and involved an entire lobe. Disseminated tubercles were found in the histologic preparations. Acidfast staining of sections of the livers and spleens with such lesions revealed tubercle bacilli in large numbers, especially in the caseous areas.
THE CELLULAR REACTIONS TO CHEMICAL FRACTIONS OF THE TUBERCLE BACILLUS

Materials and methods
The same strains of mice used in the foregoing experiments were employed. The chemical fractions of the tubercle bacillus which were tested included: phosphatid derived from human tubercle bacilli, a similar phosphatid from bovine tubercle bacilli, purified waxes from both human and bovine tubercle bacilli, and tuberculopolysaccharide.
In studying the peritoneal fluid of mice, it was found that the quantity of fluid normally present in the abdominal cavity was too small to permit convenient observations of the cell constituents; it was necessary to rinse the peritoneal cavity with 0.5 cc. of physiological saline and examine the cells obtained in this manner. This method was found satisfactory for study of the cells by the supravital method and for the preparation of fixed smears. Total counts were made on the fluid, and while the values obtained showed considerable variation,-between 3,000 and 16,000 cells per mm.' in normal mice,-the procedure served as a rough check on significant increases in the cell content of the fluid; the average count of 41 normal mice was 5,900 cells per cu.mm., while after certain procedures the count was found to be as high as from 25,000 to 28,000 cells.
The cells of the peritoneal fid in normal mice Forty-one normal mice were examined. They were killed by ether or chloroform anesthesia, 0.5 cc. of normal saline was then injected into the peritoneal cavity with a syringe and needle, the abdominal cavity was opened, and the fluid was removed with a blood counting pipette. Supra-vital 
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The cells classified as undifferentiated cells, which made up a large proportion of the total number, were small cells, about the size of the blood lymphocytes, with a small amount of cytoplasm and no constant cytoplasmic inclusions which stained with vital dyes. They were frequently seen undergoing amitotic division, and were deeply basophilic. Their counterpart was seen in the milk spots of the omentum. After an intraperitoneal injection, the absolute number of these cells often decreased considerably, with the appearance of transition forms between them and monocytes. In view of the difficulty in definitely classifying these cells as either lymphocytes or monocytes, the term undifferentiated cell has been employed. The "mature" and "immature" monocytes were so dassified according to size, content of neutral-red vacuoles, and the presence of an abundant wavy-edged cytoplasm. Large cells with abundant neutral-red vacuoles, containing visible phagocytised material, were classified as dasmatocytes.
The effects of intraperitoneal injections of various non-specific materials
In order to ascertain the nature of the response of the mouse to intraperitoneal injection of various non-specific materials, various substances including distilled water, saline solution, M/1 5 sodium di-hydrogen phosphate, glucose solutions, horse serum, lactic acid, starch, kaolin, lecithin, and peanut-oil were injected into groups of animals, 99 mice in all. Total and differential counts were done on the peritoneal fluid at varying intervals after the injections, sections of all the viscera were made as were differential blood leukocyte counts. The omentum was placed on a glass slide, fixed, and stained. The data are presented in Table 2 The rapidity with which the monocytes matured and differentiated was striking; it was noticeable within a few hours, and often reached a peak during the first 24 hours after injection. After a number of observations, one was more impressed by the effectiveness of the reactions than by their magnitude; gross changes in the appearance of the serosal lining of the body cavity were seldom observed, and then only after the injection of large amounts of irritating material. For a mouse of 20 gm., the injection of 20 mg. of kaolin is an extremely large dose, yet in two of four mice injected the only visible evidence at autopsy consisted of a small white 2 mm. nodule at the point of injection. The other two showed many such nodules with clear fluid and an otherwise smooth serosa.
The cellular reaction of mice to tuberculo-polysaccharide Each of ten mice was injected intraperitoneally with 1 mg. of tuberculo-polysaccharide (A-10, Anderson) dissolved in 0.1 cc. of distilled water. They were examined 1, 2, 5, 7X2, and 24 hours after injection. No significant effects attributable to the injection were found. There was no rise in the total number-of cells, and no change in the ratio of undifferentiated cells to mature monocytes.
Tuberculo-phosphatide Phosphatides from both the human and bovine tuber'cle bacilli were used; no significant differences could be detected between the reactions induced. Previous investigations' have shown that there is a significant difference in the time required for rabbits and guineapigs to complete the reaction to the phosphatides derived from the two types of organism; in the present experiments such differences were not noted.
The phosphatide as received from Dr. Anderson was in the form of a dry, brown, hygroscopic powder. It was rubbed in a mortar with distilled water until homogeneous suspensions were made, containing from 25 to 50 mg. of phosphatide per cc. Suitable dilutions were made from these with distilled water.
Twelve groups of mice, totalling 48 animals, were used. The route of injection, the amount of phosphatide given, and the number of doses were varied from group to group. The data are presented in Table 3 . Supra-vital studies of the cells of the peritoneal fluid showed that the phosphatides stimulated the multiplication and partial maturation of monocytes. The formation of true epithelioid cells was, however, not the rule; the fixed and stained sections of the various tissues confirmed this. The cells were of moderate size. The number of neutral-red vacuoles was not great, their size varying considerably and tending to be larger during the first 48 hours after injection than at later times. The cells in the fixed preparations resembled the large mononuclear cells seen in granulations due to non-specific irritants. There was little tendency for the formation of tubercles; the granulations noted on the surface of the liver or in the omentum were composed of monocytes laid down in fairly compact masses without any internal organization. A section of the omentum of a mouse injected with phosphatide is illustrated in figure 4 . Each of five mice was injected intraperitoneally with 0.02 cc. of the methyl ester of phthioic acid. They were examined 1, 2, 3, 5, and 6 days after the injection. The chief changes occurred in the cells of the peritoneal fluid and in the milk-spots of the omenta. A large number of stimulating monocytes, containing many fine vacuoles, was found in the peritoneal fluid, and small aggregates of similar cells were seen on the surface of the omentum. No tubercle formation was seen, nor were the cells of the type seen after inoculation of mice with living virulent tubercle bacilli. These cells were classed as stimulated monocytes rather than as epithelioid cells.
Waxes derived from the hunan and bovine tubercle bacilli Two wax fractions, the "purified wax from the human tubercle bacillus" and a similar preparation from the bovine strain, were employed. These substances are insoluble in water; a suspension was made by rubbing some of the wax with the least amount of glycerin that would wet the particles, and then adding a small quantity of saline solution. The suspension was not stable, and precise dosage was not always attained. In one group of mice the abdominal cavity was opened, and approximately 10 mg. of the dry wax was blown in with the aid of a pipette. The data of the several groups of mice injected appear in Table 4 .
The cellular reactions to the injected waxes were fairly uniform in nature, despite differences in the route of inoculation and the method of preparation of the wax for injection. The lesions following the injection of the waxes suspended in glycerin-saline were entirely similar to those noted after the instillation of the dry powdered material.
The similarity between the nature of the granulation tissue induced by the injection of wax and that produced by the injection of living tubercle bacilli was remarkable. The lesions were practically identical in every respect; the cells composing the waxinduced granulomata showed the same wide range of differentiation, progressing from small and relatively undifferentiated mononuclear cells, through small vacuolated epithelioid cells, up to the large foamy cells of the type found in the lesions produced by the living bacilli. The nodules found in the peritoneal cavity showed caseation in their central portion, with an infiltration of polynuclear cells, precisely like that seen after the injection of living organisms; in fact differentiation between the two lesions from a histologic standpoint is extremely difficult, if not impossible. This is illustrated in figures S and 6, which are photographs of a tuberculous nodule, and in figures 7 and 8, of a mouse injected with wax. There can be little doubt that if studies were made with a number of animal species, each would be found to exhibit minor or major differences in the nature of the cellular reactions to either living tubercle bacilli or the chemical fractions thereof. The microscopic pathology of tuberculosis in the guinea-pig differs considerably from that in the rabbit, and both show certain specific deviations from the picture seen in human tuberculosis. The mouse is no exception to this and develops a type of tuberculous lesion which has points of similarity to, and points of difference from, the lesions seen in other species. It is of interest that while in guinea-pigs and in rabbits the reaction to tuberculo-phosphatide resembles very closely the lesions produced by the living organisms, this mimicry is best accomplished in the mouse by the injection of the waxy fractions. The impressions are gained that the tuberculo-phosphatide is very easily broken down by the cells of the mouse, with the result that a long-lived and pleomorphic granulation tissue is not developed; and also that the waxy materials can be assimilated and broken down with relative ease.
It seems probable that this ability on the part of the mouse to handle the more complicated lipoid fractions of the tubercle bacillus is associated in some way with the relatively high resistance of the species to tuberculous infection. One factor which might be of importance is the rate at which effective dissolution of injected materials takes place in the mouse. Three to six days suffice for the elimination of the greater mass of injected organisms of the H37 strain, and equally rapid is the elimination of relatively large doses of phosphatide. It may be that a differential exists between the rate of multiplication of organisms and the rate of their destruction, that puts the balance in favor of the host in this instance.
That these reactions to the chemical products of the tubercle bacillus play only a partial role in the matter of resistance or susceptibility to infection is evident from the fact that slowly progressive and fatal infections can be produced in mice with certain strains of bacilli. In the experiments recorded here, the dosage employed was relatively large when compared with the doses usually used irX the experimental infection of rabbits and guinea-pigs. For a 20-gram mouse, 0.5 mg. of tubercle bacilli is comparable, on a weight-forweight basis, to 50 mg. in a rabbit of 2 kg.,--a dose far above that required to produce a rapidly progressive infection in the latter animal. Even with this dosage, the survival of the mice was often in excess of 60 to 80 days; this was true for both adult and newborn mice.
The failure of infected mice to exhibit skin reactions following the injection of tuberculin is of interest. In view of the difficulty in demonstrating skin hypersensitivity in such animals as the rabbit and the monkey (although both these species exhibit hypersensitivity when other criteria are employed) further studies of the reaction of infected mice to tuberculin are required before the subject can be advantageously discussed. 
